It is a challenging work to capture ionic species or small molecules as guests. Thus, the construction of self-assembled cyclic oligomer complexes composed of metal centres connected by acyclic organic ligands 1,2 has been a subject of great interest together with the inclusion phenomena of macrocyclic ligands 3 in the supramolecular chemistry. The majority of the organic-inorgaic hybrid macrocyclic structures reported so far have been based on bis-monodentate ligands such as 4,4'-bipyridine and its derivatives interconnected by rigid or flexible spacers. 2 The same type of ligands has been also used for the formation of coordination network. 4 We are currently engaged in the construction of the coordination polymers by using series of dipicolyl sulfides including 1, bis(3-pyridylmethyl)sulfide, which is a potentially tridentate ligand to act as a flexible building blocks. In the reaction of 1 with AgBF4, in contrast to other reactions we have employed, neither the 1-D nor 2-D coordination polymers have been isolated, but rather discrete cyclic dimer complex was obtained. A remarkable feature of this cyclic structure is the encapsulation of two BF4
− anions in its 20-membered cavity. Although the rational control of molecular frameworks by anions have become a recent interest in crystal engineering, 5 little is known about anion-encapsulated M2L2 [M: metal, L: ligand] complexes.
1 To our best knowledge, few examples of two BF4 − -encapsulated M2L2 complexes have been reported so far. 1c We present here the synthesis and structural details of this complex, which was characterized by X-ray diffraction and ESI-Mass.
Reaction of 1 with AgBF4 in the molar ratio 1 : 1 in methanol gave off-white precipitates immediately, which were identified as the discrete complex [Ag (1) The crystals with high quality for X-ray analysis were obtained by the vapor diffusion of diethyl ether into the DMSO solution of the precipitates. Crystal parameters and procedural information corresponding to data collection and structure refinements are given in Table 1 . The geometric parameters of the complex are shown in Table 2 .
According to X-ray crystal structure analysis (Figure 1 ), the discrete cyclodimeric complex, [Ag (1) 1.916 6 The asymmetric unit contains one Ag atom, one ligand, and one BF 4 − anion by a crystallographic inversion center at the midpoint between the two Ag atoms. Each non-coordinating S atom oriented exo-fashion, and thus the pseudo-rectangular framework of the molecule is folded into the stair-shape. The dimension of the pseudo-rectangle is defined by the distances between the centroids of pyridyl rings (6.6 × 7.0 Å) and intramolecular Ag···Ag separation [7.212(2) Å]. This is in contrast to the two-fold symmetric dimer of bis(2-pyridylmethyl)sulfide, an isomer of 1, in which threecoordinate Ag atoms are bound in N-Ag-N fashion together with the each S donor to form a cyclic dimer with a much smaller empty cavity. 6 Each BF4 − ion is located slightly above and below the folded rectangular plane and with the distance Ag(1)···F(3) of 3.31(6) Å, which indicates a long range interaction. According to the packing structure (Figure 2 ), the deviation from the linearity of N-Ag-N angle is due to the weak intermolecular Ag···S interaction (3.106(2) Å). Furthermore, the cyclic dimmers pack in layers, allowing offset π-π stacking 7 with the separation between the centroids of 3.69 Å. The dihedral angle between the pyridyl ring planes is 1.79 (5) o .
In conclusion, unusual twenty-membered cyclic dimer encapsulating two BF4 − anions was obtained by the selfassembly of the tridentate N2S donor ligand (1) and silver ion. We are currently investigating the subtle factors influencing the formation of discrete or continuous complexes using dipicolyl sulfide derivatives including 1.
Experimental Section
Synthesis. The ligand 1, bis(3-pyridylmethyl)sulfide, was conveniently synthesized by the reaction of Na 2 S and 3-picolyl chloride hydrochloride, and the detailed procedure will be described in elsewhere. Reaction of 1 (50.0 mg, 0.231 mmol) with AgBF 4 (50.0 mg, 0.257 mmol) in methanol gave off-white precipitate immediately. Analytical data for {[Ag (1) Crystallographic Structure Determination. All data were collected on a Bruker Smart diffractometer equipped with a graphite monochromated Mo Kα (λ = 0.71073 Å) radiation source and a CCD detector at ambient temperature. The 45 frames of two dimensional diffraction images were collected and processed to obtain the cell parameters and orientation matrix. The first 50 frames were retaken after complete data collection. The crystal showed no significant decay and no correction was applied for absorption or decay. The frame data were processed to give structure factors using the program SAINT. 8 The structure was solved by direct methods and refined by full matrix least squares methods on F 2 for all data using SHELXTL software. 9 The non-hydrogen atoms were refined anisotropically, and hydrogen atoms were placed in calculated positions and refined with a riding model with Uiso constrained to be 1.2 times Ueq of the parent atom.
Crystallographic data for the structure reported in this paper have been deposited with the Cambridge Crystallo- − ions and H atoms are omitted for clarity.
